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Abstract
Background—Existing research has found a positive association between cognitive function and
residence in a socioeconomically advantaged neighborhood. Yet, the mechanisms underlying this
relationship have not been empirically investigated. This study tests the hypothesis that
neighborhood socioeconomic structure is related to cognitive function partly through the
availability of neighborhood physical and social resources (e.g. recreational facilities, community
centers and libraries), which promote cognitively beneficial activities such as exercise and social
integration.

Methods—Using data from a representative survey of community-dwelling adults in the City of
Chicago (N = 949 adults age 50 and over) we assessed cognitive function with a modified version
of the Telephone Interview for Cognitive Status (TICS) instrument. Neighborhood socioeconomic
structure was derived from US Census indicators. Systematic Social Observation was used to
directly document the presence of neighborhood resources on the blocks surrounding each
respondent’s residence.

Results—Using multilevel linear regression, residence in an affluent neighborhood had a net
positive effect on cognitive function after adjusting for individual risk factors. For white
respondents, the effects of neighborhood affluence operated in part through a greater density of
institutional resources (e.g. community centers) that promote cognitively beneficial activities such
as physical activity. Stable residence in an elderly neighborhood was associated with higher
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cognitive function (potentially due to greater opportunities for social interaction with peers), but
long term exposure to such neighborhoods was negatively related to cognition.

Conclusions—Neighborhood resources have the potential to promote “cognitive reserve” for
adults who are aging in place in an urban setting.
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INTRODUCTION
Dementia is a common and disabling brain disorder among older adults that has
consequences for independence, functional decline, institutionalization, and mortality (1–3).
The key feature of dementia is a decline in cognitive function, including impairments in
memory, attention, and executive function. There is growing evidence that risk factors at
both the individual and community levels are related to cognitive function.

At the individual level, evidence has been accumulating that hypertension, obesity, diabetes
and heart disease are risk factors for cognitive impairment and dementia, in part through
pathways such as chronic inflammation and oxidative stress (4). Conversely, physical
activity (particularly frequent or vigorous physical activity) and adherence to a
Mediterranean-type diet have been found to be protective against cognitive decline (5–9),
likely a result of decreased vascular inflammation. At the same time, social interaction and
integration within a social network are associated with a lower incidence of dementia (10–
12), potentially due to greater opportunities to engage in healthy behaviors or the increased
mental stimulation afforded by integration within a supportive social network. Similarly,
individuals with more formal years of education have a reduced risk of dementia (13, 14), at
least partly as a result of similar underlying pathways. Collectively, these findings have
contributed to the “cognitive reserve” hypothesis (15), which suggests a direct effect of
mental stimulation or physical activity on brain development and function that mitigates
cognitive decline either through neural reserve (pre-existing brain networks have more
capacity and are therefore less susceptible to decline) or neural compensation (capacity to
activate alternate networks to compensate for pathological disruption).

Recently, a parallel literature has begun to examine the relationship between cognitive
function and characteristics of the surrounding environment using secondary data sources
(e.g. decennial Census) linked to individual survey respondents. This research has shown
that, controlling for individual socioeconomic resources, living in an area with a high
proportion of adults with low levels of education is associated with lower cognitive function
among American older adults (16). This effect was particularly pronounced for older adults
with the least education (16), highlighting the importance of incorporating cross-level
interactions to consider questions of “person-environment fit” for potentially vulnerable sub-
populations (17). Similar findings have been found in the United Kingdom, where
neighborhood socioeconomic deprivation (e.g. high proportion of low income, unemployed,
and lower educated residents) was associated with decreased cognitive function (although no
cross-level interactions were found) (18). Using longitudinal data for older Mexican
Americans, Sheffield and Peek (19) found that, net of individual socioeconomic status,
residence in an economically advantaged area (e.g. high household income) was associated
with slower rates of cognitive decline over a five year period.

Authors of these papers have speculated that living in highly educated and
socioeconomically advantaged neighborhoods may promote cognitive function and/or buffer
cognitive decline in part through their greater density of physical resources (recreational
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centers, gyms, parks, walking paths, healthy food stores) as well as social and institutional
resources (libraries, bookstores, community centers, social clubs) (16, 19) that promote
protective health behaviors (e.g. physical activity) and facilitate mental stimulation (e.g.
social interaction and cognitive activities such as reading and/or playing games). However,
to date these hypothetical pathways have not been empirically tested.

In this paper we explicitly test the hypothesis that neighborhood socioeconomic structure is
associated with the prevalence of neighborhood physical and social resources, which in turn
are associated with the frequency of physical and social activities of individuals in these
environments, and resulting levels of cognitive function (Figure 1). Following the existing
literature (16) we also test for cross-level interactions between neighborhood context and
individual socioeconomic and sociodemographic position, hypothesizing that contextual
composition or resources may be particularly salient for individuals at highest risk for
cognitive impairment (e.g. older adults, racial/ethnic minorities, or those from lower
socioeconomic position). Contextual effects may also vary by duration of exposure to
particular neighborhoods, as reflected by cross-level interactions with residential tenure.

We test these hypotheses using a large representative survey of Chicago residents 50 years
of age and older with a rich array of data on neighborhood characteristics. Consistent with
the existing literature we focus on indicators of neighborhood socioeconomic disadvantage
(typically captured through the proportion of residents in poverty, on public assistance, and
unemployed) and examine its impact on cognition through the shortage of physical (e.g.
recreational centers, parks) and institutional (e.g. libraries, churches, schools) resources in
each neighborhood, as well as through indicators of neighborhood social and physical
disorder (e.g. visual signs of decay, crime). We also examine the effects of neighborhood
age structure, speculating that cognitive function is better when living in an area with a
higher proportion of older adults, in part through increased opportunities for social
interaction with peers or a greater density of age-specific resources (e.g. senior centers). We
also go beyond examining the effect of disadvantaged neighborhoods to consider the effects
of affluent neighborhoods (20, 21), which are distinguished by the demographic profile
associated with gentrification (e.g. highly educated, young adults, working in professional
occupations), and likely to attract a set of institutions and resources conducive to cognitive
health (e.g. places to exercise, well maintained buildings and parks). Consistent with the
existing literature we focus on two mediators of these environments among individuals,
levels of physical activity and social integration, and we control for a broad array of
individual socioeconomic and sociodemographic characteristics that could confound the
relationships under study.

METHODS
Data

Data come from the Chicago Community Adult Health Study conducted in 2002 through
face-to-face interviews with a multi-stage representative sample of 3,105 adults aged 18 and
over, living in all 343 neighborhood clusters in the city of Chicago (22). A response rate of
72% is one of the highest in a major American city in recent decades (23). The weighted
sample matches the 2000 Census population estimates for the city of Chicago in terms of
age, race/ethnicity and gender. To focus on the age group most at risk for the development
of cognitive impairment (2), we restrict our analyses to 949 adults age 50 and over. All
study procedures were reviewed and approved by the University of Michigan’s Institutional
Review Board and study participants gave informed consent.
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Outcome Measure
Cognitive function was assessed using a modified version of the Telephone Instrument for
Cognitive Status (TICS) (24). A composite index was derived from five tasks assessing
memory, orientation, and executive functioning: (a) an immediate word recall test of 10
common nouns (10 points); (b) a delayed recall test of the same 10 nouns approximately 5
minutes later (10 points); (c) naming the day of the week and the date (2 points); (d) naming
the current president of the United States and the past president (2 points); and (e) a serial
3’s test that required subtracting 3 from 20 six times (1 point). A summary score was created
by summing the number of correct answers (max=25), with a higher score indicating better
cognitive function. Refusals to answer any question were coded as incorrect.

Neighborhood Measures
We include indicators from the US Census using the census tract as a proxy for
neighborhood. Census tracts have on average about 4,000 people and are designed to capture
homogenous areas that roughly map to neighborhoods (25). Each respondent’s address was
geocoded to the 2000 census tract, and linked to the US Decennial Census for that year. We
focus on three indices of neighborhood social and economic structure. The age structure of
a tract is captured through the proportion of persons in each tract who are age 65 and older.
Neighborhood socioeconomic disadvantage is an average of six census indicators: percent
households with income less than $15,000 annually, percent households with incomes over
$50,000 annually (reverse coded), percent of working age adults who are unemployed,
percent families in poverty, percent households on public assistance income, and percent
female-headed families. Neighborhood affluence is an average of four census indicators:
percent adults with college degrees or higher, percent adults in professional or managerial
occupations, percent adults age 30 to 39 years, and median home value (expressed as a
percentage of the maximum median home value in all sampled census tracts). Factor
loadings for the items in the socioeconomic indices range from .82 to .95 (disadvantage) and
from .71 to .99 (affluence); corresponding alpha reliabilities = .95 and .90, respectively.

Neighborhood Resources
In addition to census indicators we draw on a rich source of data on neighborhood resources.
The Chicago Community Adult Health Study was specifically designed to examine the
relationship between neighborhoods and health, and observational data were collected on the
city block around each respondent’s residence through the method of systematic social
observation (SSO) (26, 27). SSO capitalizes on the interviewer’s visit to the home to directly
measure the physical and social conditions of the block during the day. While walking
around the residential block where each respondent lives, the survey interviewer
characterized these respondent-centered neighborhoods using a standardized instrument.
Inter-rater reliability of this method was demonstrated using a subsample of 80 blocks in a
pilot study conducted in 2001 where two raters made separate, independent observations of
the same block at the same time (agreement = .78 to 1.00; κ =.27 to .91).

We constructed tract-level measures of neighborhood resources from these block level
observations, including the proportion of blocks within the tract where there are public
recreational centers (e.g. gyms, swimming pools, or buildings where residents can exercise
and play sports) as well as institutions such as schools, churches, libraries, and community
centers that provide opportunities for social interaction or intellectual stimulation. An index
of neighborhood disorder (27) (capturing social and physical disorder that may discourage
residents from accessing resources in their neighborhood) is derived from observations of
the block with respect to the presence of graffiti, garbage, litter or broken glass, cigarette
butts, empty beer/liquor bottles, abandoned cars, and drug-related paraphernalia or condoms
on sidewalks or in street gutters, that are aggregated to the tract level using multilevel item
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response models to create an overall measure expressed on a logit scale (ranging from
negative to positive), with a high score indicating a high presence of disorder (alpha
reliability =.935). In addition, we draw on geographic data from the City of Chicago to
create a measure of park area in square miles in each census tract. We include indicators for
each respondent’s length of residence at current address in order to capture duration of
exposure to these environments.

Individual Mediators
We focus on two potential mediators of neighborhood resources at the individual level. First,
social integration is assessed by the frequency of getting together with friends, neighbors
and relatives, either going out together or visiting in each others’ homes (measured on a six
point scale ranging from 0 to 5 (never, less than once per month, once per month, 2 or 3
times per month, once a week, more than once a week)). Respondents were also asked to
indicate whether they participated in community or civic activities within the past year (e.g.
worked on a community project, attended a community meeting). A binary variable for civic
engagement indicates whether the respondent participated in any such activity in the past
year.

Second, respondents were also asked to report on their physical activity habits in a typical
week over the past 12 months. Using questions from the National Health Interview Survey
(28) respondents were asked about “physical activities such as exercise, sports, or physically
active hobbies that you do in your leisure time and that cause you to sweat or increase your
breathing or heart rate”. Activities were classified as either light to moderate (light or
moderate activities for at least 10 minutes that cause only light sweating or a slight to
moderate increase in breathing or heart rate; walking continuously for 20 minutes or more;
home maintenance such as painting or outside yard work, including gardening and shoveling
snow) or vigorous (engaging in activities for at least 10 minutes that cause heavy sweating
or large increases in breathing or heart rate). Following Scarmeas et al., (8) a three category
summary physical activity variable was constructed based on the frequency and intensity of
activities: no physical activity (no walking, exercise, sports or physically active hobbies);
some physical activity (light to moderate physical activity once a week or less regardless of
duration, light to moderate activity 2–3 times per week for 20 minutes or more, light to
moderate activity 4 or more times per week for less than 20 minutes, vigorous activity once
per week or less for 20 minutes or more, walking once a week or less for 20 or more
minutes, or working around the house 1–3 times per week); and heavy physical activity
(light to moderate activity 4 or more times per week for 20 minutes or more, vigorous
activity 2 or more times per week regardless of duration, walking 20 minutes or more 2 or
more times per week, or working around the house 4 or more times per week).

Individual Controls
We control for key sociodemograhpic and health factors that could account for the
relationships between cognitive function and neighborhood characteristics.
Sociodemographic factors include age, gender, marital status, race/ethnicity, employment
status, and socioeconomic position (SEP). Age is represented by two dummy variables
contrasting young-old (age 60 to 69) and very old adults (age 70 plus) with middle-age
adults (age 50 to 59). Gender is a dummy variable coded 1 for males and 0 for females.
Marital status is captured by three dummy variables contrasting divorced/ separated,
widowed, and never married, with married respondents. Race/ethnicity is categorized
according to three dummy variables contrasting Black, Hispanic, and other race/ethnicity
(including Native American, Asian, or Pacific Islander) with Whites. Employment status is
captured using three dummy variables contrasting the unemployed, retired (or unable to
work because of a health problem), and homemakers, with employed respondents.

Clarke et al. Page 5

J Epidemiol Community Health. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Socioeconomic position is assessed through the respondent’s level of education (classified
as less than high school, high school diploma, or college degree) and reported household
income (captured with two dummy variables contrasting those with annual incomes less
than $15,000 and $15–40,000 with those whose annual incomes are over $40,000; a dummy
variable indicates missing data on income). We also control for underlying physical health
status using an index of self-reported chronic health problems that sums the number of
medically diagnosed health conditions (e.g. hypertension, heart attack, stroke, arthritis,
diabetes, peripheral artery disease). (Additional controls for smoking, body mass index,
depressive symptoms, living arrangements, and immigrant status were also considered
(results not shown), but did not change the results reported here.)

Statistical Analyses
To account for the clustering of observations within census tracts (mean=2.1 respondents per
tract, range=1–11) (29) we used multilevel linear regression to examine the effect of
neighborhood characteristics on cognitive function. Analyses were performed with the
MIXED procedure in SAS Version 9.2 and the neighborhood variables were grand mean
centered with a standard deviation of one (30). Statistical significance was assessed with a
two-tailed alpha of .05 and all models were weighted by post-stratification sample weights
to account for the sampling design as well as differential coverage and non-response across
neighbourhood clusters.

RESULTS
Descriptive statistics for the study sample are presented in Table 1. Average scores on the
cognitive function measure fall at the mid-point of the scale (range 2–24) and the overall
distribution of the scores follows a normal distribution. Respondents visit with friends and
neighbors about once a week on average, and about half have participated in a community
activity in the past year. Two-thirds engage in some physical activity in typical week, while
12 percent are not physically active. Respondents tend to be long term residents of their
neighborhoods, with over half residing at their address for ten years or more.

Table 2 presents the results from the multilevel linear regression models. The first column
(Model A) reports the results for the unconditional (intercept only) model. There is
significant variation in cognitive function across census tract neighborhoods (variance
components for the intercept, p<.001), with almost 30 percent of the total variation in
cognitive function lying between tracts (intraclass correlation coefficient (ICC) =.29). The
second column (Model B) in Table 2 adds the neighborhood census indicators and, as
hypothesized, neighborhood socioeconomic disadvantage is associated with worse cognitive
function while neighborhood affluence is associated with better cognitive function (a one
standard deviation increase in neighborhood affluence is associated with almost a one point
increase on the cognitive function measure).

The third column of Table 2 (Model C) adds the individual control variables that could
account for the relationship between neighborhood census characteristics and cognitive
function if, for example, individuals with more risk factors for lower cognitive function (e.g.
health problems, lower education) tend to live in areas characterized by neighborhood
socioeconomic disadvantage. Indeed, the negative effect of living in a disadvantaged
neighborhood is completely explained by the addition of the control variables, but a net
positive effect of neighborhood affluence on cognition remains. The effects of neighborhood
age structure become statistically significant after adjusting for the controls, but the effects
vary by duration of residence in the neighborhood as indicated by significant cross-level
interactions with residential tenure. As hypothesized, residence in an area with a higher
proportion of older adults was positively associated with cognitive function, but only for
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those with more stable exposures to these neighborhoods (tenure of 6 to 10 years), and was
negatively associated with cognition for very long term residents of these types of
neighborhoods (more than 10 years). (Other cross-level interactions involving
sociodemographic or socioeconomic variables were not statistically significant.) Results
from Model C also illustrate notable gender, racial/ethnic, and socioeconomic disparities in
cognition. Males, non-whites, and those with less than a college education have significantly
lower cognitive function scores, net of the effects of income and health status. Widowhood,
retirement, and being a homemaker are also associated with worse cognitive function.

Model D in Table 2 adds the neighborhood resources that were hypothesized to explain the
effect of neighborhood socioeconomic structure on cognition. We found no effect of the
proportion of recreational centers or park area in one’s neighborhood, but living in a
neighborhood with a higher density of institutional resources (such as libraries, schools, and
community centers) was associated with higher cognitive function scores, net of individual
resources. However, this benefit was reserved only for white respondents. Exposure to
greater institutional resources was negatively associated with cognitive function for African
Americans (and negatively but not significant for Hispanic adults). Institutional resources
account for almost half of the adjusted effect of neighborhood affluence on cognition ((.28-.
15)/.28=.46, Model C to Model D), effectively explaining the statistical significance of the
positive affluence effect. Neighborhood resources did not explain any of the effects of
neighborhood age structure on cognitive function.

Models E and F in Table 2 add the physical activity and social integration variables to try to
explain the adjusted effects of neighborhood resources on cognitive function. Vigorous
physical activity (Model E) was positively associated with cognition, explaining a small part
(4%) of the positive effect of institutional resources for white respondents ((1.81–1.73)/
1.81=.04, Model D to Model E). Social integration was strongly and positively associated
with higher cognitive function (Model F), but did not account for any of the effects of
neighborhood institutions (although social integration explained a marginal part of the
positive effect of neighborhood age structure among those living in elderly neighborhoods
between 6–10 years, Model D to Model F). Results from Model F also indicate that some of
the social disparities in cognition are a function of fewer opportunities for social engagement
among the less educated, homemakers and men. At this point these analyses have explained
33% of the variance in cognitive function in our sample by including a range of individual
and neighborhood characteristics (R2=.33, Model F). But significant variation in cognition
remains between neighborhoods (ICC=.21, Model F) suggesting that other unmeasured
factors at the neighborhood and/or individual level remain to be accounted for.

DISCUSSION
Using data from a large representative sample of older Chicago adults we tested the complex
pathways in the relationship between neighborhood characteristics and cognitive function.
Similar to other studies (16, 19) we found significant variation in cognitive function across
neighborhoods at a level that is rarely seen in the literature on neighborhoods and health
(31), suggesting that neighborhood characteristics may be a source of unexplored
differences in cognitive function across adults living in different settings. We also replicated
the findings that neighborhood socioeconomic disadvantage is related to cognition
(16,18,19). However, we went beyond the current literature by examining the effects of
neighborhood affluence on cognition in addition to disadvantage, and modeled the
mediating effects of neighborhood resources and individual behaviors to explain the effects
of neighborhood socioeconomic structure.
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Whereas the negative effects of neighborhood disadvantage were effectively explained by
common factors that both increase the risk of cognitive decline as well as select people into
disadvantaged neighborhoods, neighborhood affluence had a net positive association with
cognitive function that operated in part through a greater density of institutional resources
such as community centers, schools, and libraries. However, the cognitive benefits of
institutional resources were found only for white respondents, while a greater density of
neighborhood institutions was negatively associated with cognitive function for African
American and Hispanic respondents. This negative association suggests that neighborhood
institutional resources hypothesized to promote cognitive function (16, 19) might have less
benefit among racial and ethnic minority groups if language or cultural barriers prevent full
access to opportunities offered within these institutions.

The positive relationship between institutional resources and cognition among white
respondents was partly explained by physical activity, suggesting that resources such as
community centers and senior centers may provide white older adults with the opportunity
to exercise, which has been found to have positive consequences for cognitive function
(vascular hypothesis) (32). By empirically examining this conceptual sequence, we show
that neighborhood affluence (and the greater density of institutional resources in these areas)
has the potential to act as a source of “cognitive reserve”, particularly for white adults who
are aging in place in an urban setting.

Contrary to our expectations, a greater density of recreational centers and park area were not
associated with cognitive function, suggesting the need examine alternate indicators of
neighborhood resources that could promote cognitively beneficial physical activity. While
social interaction was strongly and positively related to cognitive function, it did not account
for any of the effects of institutions in our data. We also examined the effects of
neighborhood age structure, speculating that cognitive function would be better when living
in an area with a higher proportion of older adults, in part through increased opportunities
for social interaction with peers as well as the exchange of information about resources and
services (33, 34). As hypothesized, residence in an area with a higher proportion of older
adults was positively associated with cognitive function for those with more stable
exposures to these neighborhoods (residence over 5 years) but was negatively associated
with cognition for very long term residents of these types of neighborhoods (more than 10
years). While a stable period or exposure to neighborhoods with a higher proportion of older
adults may provide opportunities for more peer group interaction (33, 34) (although our
measure of social interaction was only marginally able to detect any mediating effect),
prolonged exposure to older adult neighborhoods may reflect a collective aging in place that
is associated with structural decline (35), with adverse consequences for cognitively healthy
behaviors.

Limitations
This study was limited to older adults living in the city of Chicago, and the findings may not
be generalizable to other urban centers. Further studies in other settings are needed to
investigate these relationships further. Measures of physical activity and social integration
were based on self-report, which may have limited the strength of their association with
cognitive function. Cross-sectional data also preclude an understanding of the direction of
association between variables, and we are unable to rule out reciprocal causation. However,
our capacity to examine the impact of the urban environment on cognitive function was
considerably enhanced by using independent observational measures of the neighborhood
characteristics that adults encounter in their day-to-day lives.

In summary, these findings emphasize the importance of considering urban design for the
cognitive health of older adults who are aging in place. Although people with dementia may
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be concentrated in institutions, the majority of older adults with dementia live in the
community (36). Our results stress the importance of intelligent design of outdoor
environments for individuals at risk for cognitive decline (37, 38).

WHAT THIS PAPER ADDS

What is Already Known

Existing research to date has speculated that living in highly educated and
socioeconomically advantaged neighborhoods can promote cognitive function and/or
buffer cognitive decline in part through their greater density of physical resources
(recreational centers, gyms, parks, walking paths, healthy food stores) as well as social
and institutional resources (libraries, bookstores, community centers, social clubs) that
promote protective health behaviors (e.g. physical activity) and facilitate mental
stimulation (e.g. social interaction and cognitive activities such as reading and/or playing
games). However, to date these hypothetical pathways have not been empirically tested.

What this Study Adds

Using representative data from a cross-sectional survey of community dwelling older
adults, this study examined the complex pathways in the relationship between
neighborhood socioeconomic structure and cognitive function. Residence in an affluent
neighborhood had a net positive effect on cognitive function after adjusting for individual
risk factors. For white respondents, the effects of neighborhood affluence operated in part
through a greater density of institutional resources (e.g. community centers) that promote
cognitively beneficial activities such as physical activity. Stable residence in an elderly
neighborhood was associated with higher cognitive function (potentially due to greater
opportunities for social interaction with peers), but long term exposure to such
neighborhoods was negatively related to cognition. Neighborhood resources have the
potential to promote “cognitive reserve” for adults who are aging in place in an urban
setting.

Acknowledgments
This study was funded by the National Institutes of Health NIH/NICHHD Grant RO1HD050467. Dr. Clarke was
supported by the Centers for Disease Control and Prevention (Grant Number K01EH000286-01). Dr. Langa was
supported by NIH/NIA Grant R01 AG027010. The contents of this paper are solely the responsibility of the authors
and do not necessarily represent the official views of the sponsors.

REFERENCES
1. Langa KM, Chernew ME, Kabeto MU, et al. National estimates of the quantity and cost of informal

care giving for the elderly with dementia. Journal of General Internal Medicine. 2001; 16:770–778.
[PubMed: 11722692]

2. McArdle JJ, Fisher GG, Kadlec KM. Latent variable analyses of age trends of cognition in the
Health and Retirement Study, 1992–2004. Psychology and Aging. 2007; 22:525–545. [PubMed:
17874952]

3. Plassman BL, Langa KM, Fisher GG, et al. Prevalence of dementia in the United States: the aging,
demographics, and memory study. Neuroepidemiology. 2007; 29:125–132. [PubMed: 17975326]

4. Breteler M. Vascular risk factors for Alzheimer's disease: An epidemiologic perspective.
Neurobiology of Aging. 2000; 21:153–160. [PubMed: 10867200]

5. Wang L. Performance-based physical function and future dementia in older people. Archives of
Internal Medicine. 2006; 166:1115–1120. [PubMed: 16717174]

6. Weuve J. Physical activity, including walking, and cognitive function in older women. JAMA.
2004; 292:1454–1461. [PubMed: 15383516]

Clarke et al. Page 9

J Epidemiol Community Health. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



7. Abbott RD. Walking and dementia in physically capable elderly men. JAMA. 2004; 292:1447–
1453. [PubMed: 15383515]

8. Scarmeas N, Luchsinger JA, Schupf N, et al. Physical Activity, Diet, and Risk of Alzheimer
Disease. JAMA. 2009; 302:627–637. [PubMed: 19671904]

9. Angevaren M, Vanhees L, Nooyens ACJ, et al. Physical Activity and 5-Year Cognitive Decline in
the Doetinchem Cohort Study. Annals of Epidemiology. 2010; 20:473–479. [PubMed: 20470975]

10. Fratiglioni L, Wang H-X, Ericsson K, et al. Influence of social network on occurrence of dementia:
a community-based longitudinal study. The Lancet. 2000; 355:1315–1319.

11. Fratiglioni L, Paillard-Borg S, Winblad B. An active and socially integrated lifestyle in late life
might protect against dementia. The Lancet Neurology. 2004; 3:343–353.

12. Seeman TE, Lusignolo TM, Albert M, et al. Social relationships, social support, and patterns of
cognitive aging in healthy, high-functioning older adults: MacArthur Studies of Successful Aging.
Health psychology. 2001; 20:243–255. [PubMed: 11515736]

13. Stern Y. Influence of education and occupation on the incidence of Alzheimer's disease. JAMA.
1994; 271:1004–1010. [PubMed: 8139057]

14. Hebert LE, Scherr PA, et al. Alzheimer disease in the US population. Archives of neurology. 2003;
60:1119–1122. [PubMed: 12925369]

15. Stern Y. Cognitive Reserve and Alzheimer Disease. Alzheimer Disease & Associated Disorders.
2006; 20:S69–S74. [PubMed: 16917199]

16. Wight RG, Aneshensel CS, Miller-Martinez D, et al. Urban Neighborhood Context, Educational
Attainment, and Cognitive Function among Older Adults. Am J Epidemiol. 2006; 163:1071–1078.
[PubMed: 16707655]

17. Lawton MP. The elderly in context: Perspectives from environmental psychology and gerontology.
Environment and Behavior. 1985; 17:501–519.

18. Lang IA, Llewellyn DJ, Langa KM, et al. Neighborhood deprivation, individual socioeconomic
status, and cognitive function in older people: Analyses from the English Longitudinal Study of
Aging. Journal of the American Geriatrics Society. 2008; 56:191–198. [PubMed: 18179489]

19. Sheffield KM, Peek MK. Neighborhood Context and Cognitive Decline in Older Mexican
Americans: Results From the Hispanic Established Populations for Epidemiologic Studies of the
Elderly. Am J Epidemiol. 2009; 169:1092–1101. [PubMed: 19270047]

20. Morenoff, JD.; Diez Roux, A.; Hansen, B., et al. Residential Environments and Obesity: How Can
Observational Studies Inform Policy Interventions?. In: House, J.; Kaplan, G.; Schoeni, R., et al.,
editors. Making Americans Healthier: Social and Economic Policy as Health Policy. New York:
Russell Sage Foundation; 2008. p. 309-343.

21. Browning CR, Cagney KA. Moving beyond Poverty: Neighborhood Structure, Social Processes,
and Health. Journal of Health and Social Behavior. 2003; 44:552–571. [PubMed: 15038149]

22. Sampson RJ, Raudenbush SW, Earls F. Neighborhoods and Violent Crime: A Multilevel Study of
Collective Efficacy. Science. 1997; 277:918–924. [PubMed: 9252316]

23. Galea S, Tracy M. Participation Rates in Epidemiologic Studies. Annals of Epidemiology. 2007;
17:643–653. [PubMed: 17553702]

24. Brandt J. The telephone interview for cognitive status. Neuropsychiatry, Neuropsychology, and
Behavioral Neurology. 1988; 1:111–118.

25. Kreiger, N.; Zierler, S.; Hogan, JW., et al. Geocoding and measurement of neighborhood
socioeconomic position: A US perspective. In: Kawachi, I.; Berkman, LF., editors. Neighborhoods
and Health. New York: Oxford University Press; 2003. p. 147-178.

26. Sampson RJ, Raudenbush SW. Systematic social observation of public spaces: A new look at
disorder in urban neighborhoods. American Journal of Sociology. 1999; 105:603–651.

27. Raudenbush SW, Sampson RJ. Ecometrics: Toward a Science of Assessing Ecological Settings,
With Application to the Systematic Social Observation of Neighborhoods. Sociological
Methodology. 1999; 29:1–41.

28. Botman S, Moore T, Moriarity C, et al. Design and estimation for the National Health Interview
Survey, 1995–2004. Vital Health Statistics. 2000

Clarke et al. Page 10

J Epidemiol Community Health. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



29. Clarke P. When can group level clustering be ignored? Multilevel models versus single-level
models with sparse data. Journal of Epidemiology and Community Health. 2008; 62:752–758.
[PubMed: 18621963]

30. Verbeke, G. Linear Mixed Models in Practice: A SAS Oriented Approach. New York: Springer;
1997.

31. Larsen K, Merlo J. Appropriate Assessment of Neighborhood Effects on Individual Health:
Integrating Random and Fixed Effects in Multilevel Logistic Regression. Am J Epidemiol. 2005;
161:81–88. [PubMed: 15615918]

32. Erickson KI, Raji CA, et al. Physical activity predicts gray matter volume in late adulthood.
Neurology. 2010; 75:1415–1422. [PubMed: 20944075]

33. Sherman SR, Ward RA, et al. Socialization and Aging Group Consciousness: The Effect of
Neighborhood Age Concentration. Journal of Gerontology. 1985; 40:102–109. [PubMed:
3965555]

34. Cagney K. Neighborhood Age Structure and its Implications for Health. Journal of Urban Health.
2006; 83:827–834. [PubMed: 16865558]

35. Margulis HL. Neighborhood aging and housing deterioration predicting elderly owner housing
distress in Cleveland and its suburbs. Urban Geography. 2010; 14:30–37.

36. Sheehan B, Burton E, Mitchell L. Outdoor way finding in dementia. Dementia. 2006; 5:271–281.

37. Mitchell L, Burton E, Raman S. Dementia-friendly cities: Designing intelligible neighbourhoods
for life. Journal of Urban Design. 2004; 9:89–101.

38. Mitchell L, Burton E, Raman S, et al. Making the outside world dementia-friendly: design issues
and considerations. Environment and Planning B: Planning and Design. 2003; 30:605–632.

Clarke et al. Page 11

J Epidemiol Community Health. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Hypothesized Pathways in the Relationship between Neighborhood Socioeconomic
Structure and Cognitive Function, Including Cross-Level Interactions (dotted lines)

Clarke et al. Page 12

J Epidemiol Community Health. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Clarke et al. Page 13

Table 1

Descriptive Statistics for Study Sample (N=949): Chicago Community Adult Health Study (age 50+)

Weighted Mean (SD)
or Percent

Sociodemographic Characteristics

 Age 50–59 41.5

 Age 60–69 28.9

 Age 70+ 29.6

 Male 43.6

 White 42.6

 Black 37.1

 Hispanic 17.7

 Other Race/Ethnicity 2.6

 Married 49.0

 Separated/Divorced 21.4

 Widowed 19.9

 Never Married 9.7

 Less than high school education 33.7

 High school diploma 44.5

 College degree or higher 21.8

 Income less than $15,000 22.1

 Income $15–40,000 24.4

 Income greater than $40,000 31.0

 Income missing 22.5

 Employed 42.9

 Unemployed 4.0

 Retired 46.3

 Homemaker 6.8

 Residential tenure 5 years or less 25.0

 Residential tenure 6 to 10 years 13.6

 Residential tenure 10+ years 61.4

Health Status

 Cognitive function 13.3 (3.9)

 Number of chronic health conditions 2.2 (1.8)

Physical Activity and Social Integration

 Social Integration 4.1 (1.2)

 Civic Engagement 48.5

 No Physical Activity 12.1

 Some Physical Activity 64.5

 Heavy Physical Activity 23.4

Neighborhood Census Indicators (Census Tract Level)

 Neighborhood Socioeconomic Disadvantage 22.8 (11.2)

 Neighborhood Affluence 23.4 (11.8)
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Weighted Mean (SD)
or Percent

 Percent Older Adults 11.5 (5.6)

Neighborhood Resources (Census Tract Level)

 Percent of Blocks with Recreational Centers 4.4 (14.3)

 Percent of Blocks with Institutional Resources 45.1 (36.3)

 Park Area (square miles) .02 (.04)

 Neighborhood disorder index −1.9 (1.6)

SD = standard deviation
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